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Abstract 



A preferred embodiment of tliis invention comprises an oxidizable layer (e.g. TiN 50), an noble-metal- 
insulator-alloy barrier layer (e.g. Pd-Si-N 34) overlying the oxidizable layer, an oxygen stable layer (e.g. 
platinum 36) overlying the noble-metal-lnsulator-alloy layer, and a high-dielectric-constant material layer 
(e.g. barium strontium titanate 38) overlying the oxygen stable layer. The noble-metal-insulator-alloy 
barrier layer substantially inhibits diffusion of oxygen to the oxidizable layer, thus minimizing deleterious 
oxidation of the oxidizable layer. 
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(6ai;?.«> TiN) i. BulB^{tBJt8)5:]l©±{cEa§ 
n/cg^feM • ii&ig^<*^^»li(*B («?)^«. P d - S i 
-N) <!:. mrlBa^ii -iffiig^ft^^cDifciggsn/i: 
^{c^S^cg (t^^ti> a^) i> HMie^^ccS^^c 
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m^i) (■{) mit^jmm^^i'^mr^m^ 
mmmif^mf3:m<D±(cmm$titcm^ • ^^^^ 

Hi, 

[0 00 1] 
[00021 

[fie*©e^j|tjfej:a^*©fi5ja,^j iifgfm^«*4«:*f-rs 

f6?g©WS«:iJiH^r-5. C©Wi. *^HJ©ffi 

H*s c ©f jtcpss $ n -5 c t ^si!*-r s ©t?« i , 
[0 00 3 } mmm^ dram) ©««a© 

=i>7">1f©4:^%S»gep°p«:iB5^^^©W*4 
=&ffll^.5C<t©!£vgt4;S;Jt;^$1*-Ct,^-5. P^S 

fifiitin >f=>tJ-^m^(cgT-2)m®©^ffiaccii:gtc 
M^f'SAs. 0*50^@©^cc:A:iHfciKS3n-5ci 

ffli,>e.nssa©*ffi«> ji^. ifrnfl^iurs io, 

t.tcl,tS i Oj /S i , -^-L/T h U>5=- • 

i^y hteJcOfl h©D R AM©<t -5 ^C^gtClS 

fflL/c^©ii{jgoitEtt«coiir#^s<!:. c©:er^«#N 
[0 004] $/c5ij©:trS;«. iis^©;*c#ncgimt*W 

*/c«(Ba. Sr)Ti03 (BS 
T) © J; ^ ^citifii^ (TfBfctei^rHDCisgfflN^n 
s) m-^. mmmrjiS i o. -s i , n, -s 
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5rW-r.So Cn6©HDSt*l4«C>Pf-rSMffi<!:L.r. ® 
<?©^. ^m^igj^ *5<tO*«Mfi<j«:wp t©J:^i& 
M^R. fc<fci>*RuO, ©<fc5Ad:^f|l4^{b^*J|^5 

Jim, cn6©lifiim^1^m)ffin/i:!t$tt?:3l^*D 
^ci^j:^{c. «ffl^©iSit^^9«jSiKf:fP^Li^d:<r« 

[000 5 ] 

10 [ragi,'^.^»^-rs/c*©^S] rieii^^j (TiBJc 
©<t:^>^c^<©m«^S?:Kjgr-5^{c:S^-e*€>„ 
tc. l{iSfc«3e.K:^^ffl©{^fin@*i.iJ>g-C'*.2,. c 

(Dtcisbic. mmmmmm: (25 6 ^*ft^ s> h ttc\t i ^- 

*4©tt:««. Jim, KS^^^-r-S^HMctf-cflfc^M 
a (iim5 0 0 •c«±©fis) •c^f^^n^. c©?*^© 
i?r{c{'p^3n/c:&*a©m®«ji«:«. c©a«©»3ra* 

< . — c ©a:«©f^ic{'p;iS 5 n -5.f*r©mS«3g^ 
30 «, c©a«©f^-c©i^s^-c*^c<b*i!^:>s-c$).5. 
[0 006 ] ^iss«jft«ig (:i^mmm-cit. nmu. m 

«C». ffi<r©Bg@,>S3{,j^^-^^„ PtWHDC 

iim. P t©4>{cm^*iiii;ti-r-5ci*snjt6-r* 

i*«*0f#4. 3e.{C. Pt»SiO, $tc{tSi,N 
40 , ©J;^^j:Se*©^mfti©g««^att2b$»3 j:< rj: 
< , *}J:o-p t ttfiU?aS-r^-Y<fc^*^3l|{c?|5fig^ 
i>o Lfci)i^-C. P t ©T©S«M<b L-r, Ta*/c« 
T i N©@*5aig$nrt^.5, Ctni'fe, BSTit«© 
asra*, ^fc«BSTj^#|i6U©R9Kcfi. Pt^ril-pr 

^L.rS«®©iSmt4?:m5-a--5BJt6tt*J*-5, S P, 
tC, HDC*t3fJf©it«©»!ffflct>, S« 

50 [ 0 0 0 7 ] R u O, ©J: ^5 !ic«^©®{b!fe»S;/c, 



3 

-S. RuO, =&ffll,i/c5=-^'>KJS • 

A (PZT) m@©ii?$m?j£t3:. Pt^fflt-i/cPZTS lO 

f h J: o fijtais c i i , p t m@©Js^ 

[0 008] Sig6<j^c^)l«j*(*Jc*f t^rjlig$nr(.^ 
■2>f6©^jtW*, SeiUrPt, Pd> Rh©^^ 
WL/. te<fcCK^Mas i *?ctt^iga^S i ©±©S«® 
tl^XRe. Os. RhfcJ:0'I r T^'P^ $ tl/cm«5 

^©K{b!^Bii:^s i tcs^urss-c^^cci^c i-c$)ti > 20 
Ci-C*^, ^iUft©M31-r-6W®,"^,*ieW-2., 

«/M5gK: -r s c i 5 jfe 6 tf < m t 

S ia«i©ra«C3i^ife»gf*:Jl*Jffl(,^6tlS^j:6«> 

HDCttf4©a«©t^-Cfc. c©jfj^©mffi«jtms* 

[0 00 9] ±f*B<){Cl,>Atf> *%H^{CJ:«5> HDCW 

^ntens. HDci5ti4zt«©B>r(c{'pgE$n/cTffliMS 30 

K^{C*fL/3c^^j:JliK{tnJtg'&Mt©Pa©il(C 

[0010] cc-cffli,>6n?> rgf{t^t6)^j:j ii^^^ 

B#, HDc^a©»ira**jj;o'HDc*5Ji©^^ (m 
tf. li5S©K{bt»t^©^ft«:§p,$n;fef*) , HDCloJ 

RuO, O J; ^ ^t^mttMfbi^JiJm^fcSPt LS^feJl 

(3;fcttms©ffe©a5^) «:>pj-brffli,»e>nsB#. c© 
)it*^/c, M{b$nri,^^ci,>Rui;jt»gi5:a-e«j{cK{L3 

nytRu?:$WrSCi*5-C*S. HDCtt« 
xa©fflW*. gl5^3-fl<JtcK<b3n.5Ci(Cj:f3S/c«^ ■ 

^5cMb§ n2> c £ {c J: »3 vc^mmt^th r u ©mi^ 
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^n*SHDCWI4K:>pfOS^^j«mt4©W 

[00 11] ccrffli>en.5 r^bnJtl^tj ic^^ffl 
iglj. raiS(*ji©TK:$)S®K:MaL/rfflU6ns^> 

s®{c>ff u $/c»»«©*-cfiMe^i^*?f ^ © (ciim 

[0012] P»S*Jl©Jf S L-t^ttW^r^Cfntf^ -JKCD 
a t?$. 2,0 ( 1) H D C W?Jf©a:«fc J: o'/S tc\t.m 
^ii8L.©fa> ^ft:W«:^^tt©SS-CS).5>. (2)±K: 
iT«:*^S?^bnItg^c^mtt©® i 
©ra©Sft4ffitiifii5&i^*fi«jic/h$ 1,^$ $f ( 3 ) 

*4^^{b5-i+^ji,^ (4) ^f^Wtc. ±{c*SK^{c^ 

SW«cP;Ei±-r-5., (5) ^<*S«3{c. $^?cj^fig;&^-r 

[0013] Pg^3n/c«3&f*icj;0, ^^*WCC, 5fe^f 

8rpR{c<fcs«S(*©^^,'^.*^rLAj:t,v HDcwmc^fr 
Vc^mumi^. c©^{bnrtg^c)i©±«:*s©^<*M 
©K^K^Fj- i,s^Aj:@©±{c& siifgimm«*4©ii t > 

[0014] 3f:^HJ©5ISg^?r«3gt-|. 1 o©:^;ffi». 

^c®©±{cSliim^Mif4©@?:{'P^SIS:P§i. ^WT 
c©|^Si*Jlw. M{bnjeg;ftJl{c^*Jifi;t&t-S© 

Mbsnsci»%t,^ 

[0015] cn/=>«Bj6*Hc. T^c&^^'fbpjtgife® 
4. cnp>©#®m**fc|tSM=3>7=>iJ-{c^Ffurffl 

(7m:»®©14a^ffl(,>/£:) ^»^©5fiiimRA 
M. «^©fxv^mm^. *jJ:D^M©m^^JSlll 
^S. ©<fc5'Jcffe©aEflS^Stcffli,iSc:i*i-c#.S, 

[0016] 

\.mMm *^?g©if^aj:c^»i»ji?is(cpaiT^3tirt.^ 

*i<fcO^J*W. SS#EM?:M§LT©TfB©i¥iM3a:Si?9 
[0017] S^eSSI^©^©R[||ft@dSTfa©«-C 



[0018] r^jiv r :^m<t^m&i$m 

^. L//c*io-C, H D CW*4©tt^©»!Fatf CDJ; ^ jJclif 

CD^mSlW. iim, *©$S-C*^, mtf, Ta- 
S i -N|?ll»Jl<D^{tjIS«. T i N<DJ:^rj: 

So 

[0019] c<Da©t!m«, ±wmt/c^ *^*$t? 

k e r a) (JAi;S©ii:i: rs i iAu i(DK©r*>'l'7 20 
T;^3^^^b^^Ta-S i -NCDtetSc»ffi* (Amo 
rphous Ternary Ta-Si-N Di 
ffusion Barrier Between S 
i and Au) j . — • :f:f • xui' ho 
irs.ijjl' ■ y^-{Tf'-( . 138, 2125 H~ 212 
9M. 199 1^, ?:m<J;. Wni'fe, HD 
CWf4©TffliJm@(Dcti©^*Kg<*<»: L/T 3fiK:9-{i:-^^ 

[ 0 0 2 0 : H D c «if2f ©Ti'jme{c>pt u ftria-csttHj l 30 
«. H D c^n<ommi>cM-ri>-5jmrj:^mmmt ur 

[0 02 1 ] ira©^{l:i^»§gi»>l 

ffli.5etii^cii^-ft!K)-c*.2). cn6©m!K3«, Tie© 
^■rsKs^g^j. ®?^{cs;£ScJi©TK:*sff«©s 
(Dmmommmit. ±{^mc, t i N©j:^/j:«!ge<j 

^c*2S^^*!iaffl©l5f3f4KJ:b'^r#m{cs9>-,< O^^b-f 
So L.?c*i-3T, B!^tc$S^cli©T©ifa©S<b%Jl 

=&a i/T ©^mw, H Dcm^<Ditm(omm'p<Djz ^ u 

Z rN*jJ:afHf N©J;^J&:ira© 50 
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mmoymimmt. t i N©j:5^i§mww^©K 

[0 0 2 2] Z r N*5J;D>'H f N», P t , Cu, Au 

nrt/c. Z r N*jJ;UfHf NttS/c, PZTiY-B 
a-Cu-0<i:€rSSi-r^.fcis!>CCW^$tlfc, M-'Ji? 
(Pa r i kh) «*^«©^3t r;f:»^^>^A • 
H2X • ^^';}$J15©/cd&K:S i ©±«:it«3nft:PZT 

icnri>w:^mm.W(Dm?z (study of Dif 

fusion Barriers for PZT D 
eposited on Si for Non-Vo 
latile Random-Access Memo 
ry Technology)], vf- 'J T^U:^ • V If 
• V*)-^77--i • •:fK2->~7'^>ifX, 2 0 0. 1 
9 3H~198H, 1 99 0^?, *mJ:, Wni-Jj. C 
ti6©gf«©^'fb!ejtt«>-c> < 0 i^bStV'SWni 'b, 

cne>ii^f*wtc, Btria-cuiBju^^ca; ^tcMib$n-5,. 
HDctts^iSft4-rsji«, HDC)itcPif-r-5*-j§ 
©fiiim^w-*4^?i5^-rn«. am. -e©j?,«:*ji:tsm 
fiet>^M^:;^*i(C5^-fb$-a-.5, HDCWf4© 

ffS©^{b^M*4€rfflCi/c, H^e)*ifCSi;]©^0jr* 

s. 

[002 3] mmwm^tiUM-(Dm<ti}y ®>!7©wiij=& 

\,\ #Ae.ns*fc3iJ©fflgi,-;g». ^&<©as©^K: 
SS)tc)l (Pt) «, raiEc;;'3{c>ttur, §:gfc, ^0 
±*J0^&jf5^-rs. |itiis©K{b», •g-ndJ^^tfg^b 

*^*-rSo T i N©J:^!^cS}S65j!i:l5tii!4©li 

^, a*7j©T i H(ojw--si<mri>m^muT i o, ©Ji 

S©J:b(i, m\. 5 8-C*S, t,i<o*i©{&©^{b1^5i 

-en6©®{b!^i©jis©j:b», am;?c©3ffior*s. 

(t»/l$?r^-r) = t (Ta. O, )/t (TaN) 
= 2. 3, t (Y, O, ) / t (YN) = 1 . 2. t 

(ZrO, )/t (ZrN)=l. 48. t (Al, O 
, ) /t (Al N) =1. 0 2. t (CaO) /t (C 
a, N, ) =0. 9 0t?*S„ T a.^'CDJ^'^tjiiz^um 
^b«Jl?:WrSWf4JC^pf-r.2)lo©«MW^c«I^«. m. 

*'©j:^^c/jN?^cM^bt»y8g*WrStt5f4«:StL-C«. a 

[0 024] mmo&tmmn^m^^hfSiic^^^ti^ 



(5) 

7 

A 1 N<Dffl*-^t>-a-t?*S= {fc^^SCC^SA 1 N 

[0 0 2 5 ] 10(D«^ibr. (T i . A 1 ) NcDSt^b 
iIS?:iiJS L/cig:^. T i NOmim&J: K) i>2 

[0 026 ] Z rN*JcfcC/Hf N(D<fc^)5:ftk©ff@©fi 
tl6©^^JE«/^S < , ^Lr S i (c;Xi.^-CT i ic^^K 

S'jtctti'^-rs. -^-LrAuSfcjJCuCi^^c^c^An 
i^. «^ic. cn6©Wif4«eil^®tbr (tcfcLm 

[0 027 ] H DCWI4©/c*©T{lijm®K:>!tLH5iS-C 30 

^K©^^csffli!f^t>-a-j!)isyssnrt,^s. mmcomit 

^bl^Jllfi, HDCW*4©m®c>Pto. ^tcSSi&;i© 
[0 028 ] ft^Jl • i^<»^^©P»^ 40 

ffi^(C$^^ca<!:©ra©{b=^»M<*<!: UTf'Pffl-r-S. 

[0 02 9] cti6©M«. h i; i'xwcf© 

^^^©''hS^cti-T-t Lrm'SCiAif^s. t^d^ii. so 
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Pd-Si-0«. S i O, V h y V i7;^©tfj©/jN^^t 

^B<J^^Sijl©«^^^$lJ^aI■r•2>ciK:J:^^. ^m^*© 

fi,. 5^>i';^ hn-A--2 0:f hn-A©il 

© h ^^^H'ffflCC i D , mfi£*iSSn.2>Ci*3r*^. H 
DCtt*4K5^L iyje«j«:«Sli4L.J&i,»RM^Bi L/TC 

n?.©M*4*5ffli.>^n-S)©^-cs.s*i6> -en?)©®*! 
[0030] wni'fe> M^ti^Mff^t. 

if4©<k^s«3eii^#tttt3isf*SK: J; «3 ±wmicmm $ 

am> m^^l?5rjiur©ffitS(*iBjtg-c& 

So ) 

[003 1 ] Pt (Sfc»Ru (Ru©^^bm*^^ 
•C*S) ) ©i^^cM^^flil^-SCifCiD. HDC 

eitft®tt3i:^«*mf^©^*T?*s, ii^, -en 
6©eiltt^3&s#«iJ(cffinrt,>Siim***4*i> *eiMt 
^ifJf S i O, > S i , N, > Bj O3 . A 

IN, Al, o, ) (csstLiis^ns, cn6©i^^* 

s^t?* s *\ $ !^c{^S!^b©«9W'^'''J^ 3 tt^mmmm-c 
4>o-t:s*ri9)-3< 0 ufcjief-cK-fb-rsd^wti-rndJ 

Ci*iBJt6-r*So mtS, S i O, «S i , N, Kib 

'^rM{bcc?EtLr3 6K:^;£fS>-5*<, Pb (Zr. t 

i) O, ?:fflt,iSB#S i, N, iCtt-^X P h (D^miCM 

[0032] mi\<D:fjmymmti. 

So sue. ^^'Jn>i}i3S^*S^g3 0*i7S3^^ri,^S. 
S2K:«, '>y=i>»=E3 0©^®±(c{'^^3nA:S i 
O, iteiifft/13 2*i7K$nrt,iS. SiO, J132{C 
». TiO, S/dJS N, ©J;^J&:ffitJ!Blifl:-CM 

©li»J15:SffiK:gigg-rS:tef?)tC, S i O. J13 2©cti 
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(0 03 3} T^}\^y y :^mmmmf^=?:mt?>ms. 

M: 03K:«« S i O, S3 2©±CCfpJ3S2nfc©|g^ 
@3 4;!)in^$ti-rt,i-5, Plli^®3 4CC>ftL. T^;!'^ 

um^tixi^tjii^ (mMj&<<D) mmicML. ~ro s 

U h ;l'©N, + A r (10:90) ©SHM©*-C. ^ 
-Y^b5^di> (T i, S i ) ^/-yu. h^rffll^r. 100 
nmCDT i - S i -N^^SlSWiCRF ^$n-5. 

©S*B3 4fc5?fL/. <g|E-CB^S©:/7Xvs 10 
tS-f ^> • 3Lv^ytf (R I E) JgJt.iip©*^. IfcKx 

[0034] mm.<Dmitmnm.w^mrhm:mm ■■ wia 
<t{is^co-r. isiiiftji3 4{c>!tL> mm<Dmmm^ 

fflt.i5C<fc3&lf **^W(CI,i;itf. 100°Cia<K: 
«J#$nfca^{C>fft. ~ 1 0 5 y f-JKDN. + A r 
(5 : 9 5) <D#H^©'ti-C. T }\'% Mt^ 
(T i A 1 ) h5rfflt»-C> 1 0 0 n m©T i - 

A 1 -NJ!F!S^c;;afJCcRF^/^••>^^3n•5. 

[0035] »^ • i^ij:-^^©^M^?rWrSIISS 20 
m-.mt^t^SMU-oX. BMftil3 4tC>FtL, ft^ • 

Jtof^snri^/cco^ (S?ae<©) ^^{c^tL^ ~i o 5 

'J h;U©N, + A r (10:90) ©#ffiM©4'-e. -!r 
-{{fcv'A-^S^^'i/A (Pd S i ) ^--y-:; h^rffll^r. 10 
OnmOPd-S i - NASJg]t£;W«:R F X/S ^ 

5= 3:?csij©a^ •^^^^^©^tL.r. JjD^sn 
•ci.>)it^ (^afi<©) mmi^h. ~i o s h;i/© 

O, +Ar (5:9 5) ©#Hm©cf3-C> -f<b/N*^'i? 
■:7A (Pd S i ) ^?-y ? h^rffll^r^ 10 0nm©P 30 
d-S i -0*sSIS6<JK:RFX7^•^;:5^3n■5). 
[0036} 04{C». Wli(*J13 4©±«:{lPfiS?n3t 
e^J13 6j5SiK?nrt>S. :B:^S«JJCI,s^li. 3 2 S'C 
tcfiS^StafcaStcWL. ~5 5 U hJl'©A r^HM© 
cp-C. P t ^-y-:; h^ffll^r. 2 0 0nm©Pt*SD 
C;^>'^'■y $jt»3n-S. Pt@3 6tt$/c. e-e-A 
^Jfe. CVD. S/ctt^H • Wt^igjCVD (MOCV 
D) ^rfllli-rttS-r-SCtJii-e^So Pte36©-7-< 

ifum'^w^je^zmm^-^rs^i. isc^sa ( 3 o o -cj&i,* 

06 OO'C) -fct^-r-SCi^cJrf). ±f*W(c3Jt^$n 40 
Sfc«> Ru^rtt^U, ^L-CiHaE©X?ilgPif . 

^ fc«f^r©xfig|ig©»ipa cficc. its©R?r^cfi 

itS©f^©l,^-mAir. tt«3n/£:Ru?:RuO, tcgp 
[0 037] P tjl3 6©ig^3«. HDCl!^^©S^$ 

©^g*«i'©1tWc)i-r-5.^g-c*6*^K:rt.Dt:^^s 

Cid^ftt^, mtf, IG DRAMOJr'^nclW*© 
S^S», 2 5 6M DRAM(Ctt-<r, ^firSaSfcf) 

^c^6{c^<©s^^ffi®Ba$IJ|{?r^f s/ctofc. 50 
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WtC S 6 {C lis 5 ©:;^ # I s n > -r > <!: -r -S r * 5 

iG DRAM». m^\t. Wi^trnM 
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